HHUA, a rare endometrial cancer cell line expressing the estrogen receptor (ER), was adopted to investigate the expression of vascular endothelial growth factor (VEGF), erythropoietin (Epo), Bcl-2 and p53 under the administration of estradiol-17ß (E2). Based on quantitative real-time reverse transcription polymerase chain reaction assays, both VEGF and Bcl-2 mRNA levels decreased in a dose-dependent manner, although VEGF levels were increased in a time-dependent manner; no significant change was found for Epo and p53. An immunocytochemical study also showed the suppressed expression of VEGF and Bcl-2 under E2 induction. Both ERα and ERß mRNAs were detected in HHUA cells with ERß expression being predominantly higher than that of ERα, which is the converse of the pattern seen in normal endometria. The present study shows the E2-downregulated expression of VEGF and Bcl-2, and reveals a disrupted balance of ERα and ERß expression, which should be taken into consideration to understand the particularity of E2-regulated gene expression in HHUA cells.
Introduction
Endometrial cancer (EC) is the most common malignant tumor of the female genital system in developed countries; however, the molecular mechanisms underlying EC remain unclear.
Without an adequate vascular supply, solid tumors can grow only to a critical size of 1-2 mm (or ~10 6 cells), primarily due to a lack of oxygen and nutrients (1, 2) . Therefore, angiogenesis is regarded to play a pivotal role in tumor growth and metastasis. In this respect, vascular endothelial growth factor (VEGF), which could activate vascular endothelial cell growth and increase blood vessel permeability (3) , is regarded as a key mediator of angiogenesis in cancers (2) . Previous studies on the regulation of VEGF in EC have shown that VEGF gene expression is hormone dependent, but contradictory results have been reported (4) (5) (6) . In addition, erythropoietin (Epo), a glycoprotein hormone stimulator of erythropoiesis, has attracted attention for its angiogenic function (7) . Epo was traditionally considered to be expressed in fetal liver and adult kidney (8) until it was found in other sites, including the normal human endometrium and EC tissue (9) (10) (11) (12) , and was thought to be involved in angiogenesis in the uterus and ECs (9, 12) . Studies on normal uterus suggested a hormone-dependent Epo expression (9, 10) , but there have been no in vitro investigations on Epo expression under estrogen stimulation in ECs.
On the other hand, tumor growth is dependent not only on the rate of cell proliferation, but also on the rate of cell death. This may be reflected in the expression of the apoptosis-related genes Bcl-2 and p53. Bcl-2 is a proto-oncogene initially described in t(14;18) translocation follicular lymphomas (13) and has been shown to prolong cell survival by preventing apoptosis (14) . Hormone-dependency of Bcl-2 expression in normal endometrium and EC has been reported by immunohistochemical studies (15, 16) ; however, investigations of Bcl-2 expression in vitro are rare. Moreover, an inverse interaction between the Bcl-2 gene and tumor suppressor p53 gene has been suggested in some malignant diseases (17, 18) .
Besides the above-mentioned factors related to the regulation of tumor growth and death, the expression of the estrogen receptor (ER) should also be considered when investigating estrogen action in ECs. HHUA, a rare EC cell line expressing the ER, established from a well-differentiated endometrial adenocarcinoma by Ishiwata et al (19) , was adopted in this study to investigate the regulation of estradiol-17ß (E2) on the expression of VEGF, Epo, Bcl-2 and p53, and the expression status of ERs in HHUA cells.
Materials and methods
Cell line and cell culture. HHUA cells were obtained from Riken Cell Bank (Tsukuba, Japan), and cultured at 37˚C in humidified air containing 5% CO 2 . Cells for experimental treatments were plated in 35-mm tissue culture dishes (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) in phenol red-free medium (D-MEM/F-12; Gibco BRL, Grand Island, NY, USA) supplemented with 15% charcoal/dextran-stripped fetal bovine serum (HyClone, Logan, UT, USA) at least three days before experiments, until they reached 80% confluence. E2 (Wako Pure Chemical Industries, Ltd., Osaka, Japan) was dissolved in 100% ethanol and added to the medium at a final ethanol concentration of 0.1%. Ethanol (0.1%) was used as control.
Examination of E2 levels in culture media. After E2 was added to the culture media, E2 levels were examined using an electrochemiluminescence assay kit (Roche Diagnostic, Tokyo, Japan) to ensure coincidence with the calculated concentrations.
Normal endometrial tissue preparation. To validate the expression status of ERα and ERß in normal endometrium, 4 rice-ball sized normal endometrial specimens were obtained with informed consent from surgical tissues of patients diagnosed with early cervical cancer (average age, 39 years).
RNA isolation, reverse transcription, and quantitative realtime PCR. Total RNA was isolated from the HHUA cells using an RNeasy mini kit (Qiagen, Valencia, CA, USA), and from the normal endometrial tissue using an RNeasy Protect mini kit (Qiagen). Total RNA samples were reverse transcribed into cDNA using TaqMan reverse transcription reagents (Applied Biosystems, Foster City, CA, USA). One microgram of each total RNA sample was added to a reverse transcriptase mixture, prepared in accordance with the TaqMan Gold RT-PCR protocol, giving a final volume of 100 μl. The reverse transcription reactions were performed at 25˚C for 10 min, 37˚C for 60 min and, finally, 95˚C for 10 min.
TaqMan quantitative real-time PCR was performed in a 50-μl reaction mixture on an ABI Prism 7700 sequence detector system (Applied Biosystems) according to the manufacturer's instructions, using appropriate primers and probes with a 6-carboxyfluorescein-labeled 3'-minor groove binder for the cDNAs encoding VEGF (Hs00173626_m1) and p53 (Hs00153340_m1) (Applied Biosystems). The primers and probes for Epo and Bcl-2 were synthesized according to previously published sequences (10, 20) . The specificity of the PCR product was assessed by verifying a single peak in melting curve analysis. Based on the coincident PCR efficiency of the targets and endogenous reference, mRNA levels were normalized against an endogenous reference, 18S rRNA (Applied Biosystems), and expressed as 2 -ΔΔCt (21) .
Preparation of the standards for absolute quantification of
ERα and ERß mRNAs. The expression status of ERα and ERß mRNAs was compared using an external standard curve as Figure 1 . Standard curves of ERα and ERß mRNA quantification. Amplification plots for reactions with the five points of the ERα standard curve (10-fold serially diluted PCR products for ERα; the original concentration is 4x10 8 copies/reaction mixture) (A). A standard curve plotting starting copy number vs. threshold cycle (Ct) to determine the initial template concentration. Three replicates for each standard curve point were performed, but the data for only one are shown here (B). The amplification plots for reactions with the five points (C) and standard curve (D) for ERß‚ generated as described above (the original concentration is 5x10 8 copies/reaction mixture). described previously (22) . To prepare ER standards, PCR was performed using primers for ERα (Hs00174860_m1) and ERß (Hs00230957_m1) (Applied Biosystems). The PCR products were isolated after migration on agarose gel, purified using the QIAEX II gel extraction kit (Qiagen) and quantified by spectrophotometry. These reagents were then used as external standards to establish a standard curve and determine the number of ERα and ERß mRNA molecules in the experimental samples.
Immunocytochemistry. HHUA cells were cultured on chambered glass slides (Becton, Dickinson and Company) coated with collagen (Cellmatrix I-C, Nitta Gelatin Inc., Osaka, Japan). For immunostaining, the culture medium was removed, and the glass slides were washed with phosphate-buffered saline (PBS) and fixed with 10% formalin neutral buffer solution for 10 min. The glass slides were then washed with PBS, incubated in 0.05% Tween 20-PBS for 10 min, and blocked with 5% goat serum in 0.05% Tween 20-PBS for 10 min. The cells on glass slides were incubated overnight at 4˚C with anti-human VEGF (Abcam plc., Tokyo, Japan) or anti-human Bcl-2 (Delta Biolabs, Campbell, CA, USA) rabbit IgG. After washing with 0.05% Tween 20-PBS, incubation was continued for 1 h at room temperature with fluorescein isothiocyanate (FITC)-conjugated anti-rabbit IgG goat antibody (SouthernBiotech, Birmingham, AL, USA). Immunofluorescence images were observed under a fluorescence microscope (BX50; Olympus Corporation, Tokyo, Japan), using 470-to 490-nm excitation and 520-to 550-nm emission filters.
Statistics. Differences between groups were compared by a non-parametric Mann-Whitney U test using StatView software, version 5.0 (SAS Institute Inc., Cary, NC, USA). P<0.05 was considered to be statistically significant.
Results
ERα and ERß expression and the number of their transcripts in HHUA cells and normal endometria. ERα and ERß mRNA levels were calculated as the molecule number per 1 μg of total RNA extracted from each sample. Real-time PCR was performed for ERα and ERß, and the molecule number was obtained using external standard curves (Fig. 1) . Expression of ERα and ERß mRNAs was detectable in HHUA cells, with transcripts of ERß being much more abundant than those of ERα ( Fig. 2A) . This pattern is the converse of the expression status detected in normal endometrial tissue (Fig. 2C ). RT-PCR products of ERα and ERß were validated by electrophoresis ( Fig. 2B and D) .
E2 affects VEGF and Bcl-2 mRNA expression in a timedependent manner. VEGF mRNA expression was elevated both in ethanol vehicle-and E2 (10 -8 M)-treated cells during a detecting period of 72 h, with a higher expression level in ethanol vehicle-treated cells than in cells treated with E2 ( Fig. 3A) . Bcl-2 mRNA expression was decreased after E2 treatment compared with the ethanol control ( Fig. 3C) . A time-dependent expression tendency was not found for Epo ( Fig. 3B ) or p53 (Fig. 3D ) under E2 induction.
E2 suppresses the expression of VEGF and Bcl-2 genes, but not Epo and p53 genes, in a dose-dependent manner.
With the increment of E2 concentration from 10 -10 M to 10 -6 M, the mRNA expression of VEGF and Bcl-2 was significantly inhibited ( Fig. 4A and C) compared with that in ethanol vehicle-treated cells. No significant change in Epo (Fig. 4B ) and p53 (Fig. 4D ) expression was observed under E2 induction. Immunofluorescence for VEGF and Bcl-2 in ethanol vehicletreated cells was more prominent than that in the E2 (10 -8 M)treated cells (Fig. 5 ).
Discussion
To date, many EC cell lines have been established. Among them, HHUA is reported as a rare cell line with ER expression, however, the expression status of ER subtypes has not been clear. In the present study, expression of both ERα and ERß was detectable in HHUA cells at the mRNA level, with the expression level of ERß being prominently higher than that of ERα; however, results from previous studies consistently showed that the expression level of ERα was distinctively higher than that of ERß in normal endometria (23, 24) , which was also demonstrated in the present study. Estrogen signaling is considered to be a dynamic balance between ERα and ERß (25) , and each subtype has its own similar, but also unique and sometimes even opposing, responses to estrogen (26) . The disrupted balance in the expression of these two subtypes of ER in HHUA cells is quite likely to cause the alteration of estrogen signaling pathways and, subsequently, regulation of the expression of related factors under E2 stimulation. Furthermore, loss of ER expression in ECs was suggested to correlate with advanced stages and a poor prognosis (27, 28) . As a well-differentiated EC (19) , HHUA cells are postulated to represent a transitional status of ER expression, prefiguring a preferential loss of ERα relative to ERß during the stepwise progression of EC, which underlies the characteristic molecular Regarding the molecular mechanisms of VEGF expression, hypoxia is thought to be a common regulator in various normal and tumor tissue/cells in vivo. However, culturing cells in the present study under standard conditions (i.e. in 95% air-5% CO 2 , and thus 20% O 2 ) is not predicted to be affected by hypoxia (29) . From the present study, we deemed that E2 suppresses VEGF expression in HHUA cells, without an effect of hypoxia. Previous studies showed that VEGF expression in ECs was estrogen-related (4) (5) (6) . Moreover, it has been demonstrated that E2-regulated VEGF gene transcription requires a variant estrogen response element located 1.5 kb upstream from the transcriptional start site (30) , and three potential estrogen signaling pathways, involving ERα/ERα and ERß/ERß homodimers, as well as ERα/ERß heterodimers, have been elucidated (31) . Changes in the expression levels of the two subtypes may cause alterations in estrogen signaling pathways, which is possibly related to the regulation of VEGF under E2 induction in HHUA cells.
Epo is the best-known hypoxia-regulated gene, with a mechanism of regulation by hypoxia similar to that for VEGF gene expression (32) . For the reasons mentioned above, the hypoxia-regulated pathway is regarded of no significance to the Epo expression observed in the present cell culture study, and E2 showed no regulative effects on the Epo expression in HHUA cells cultured in normoxia.
Bcl-2 and p53 were chosen for analysis in the present study as two apoptosis-related factors. The results showed that the expression of Bcl-2 was suppressed by E2; however, there were no significant changes in the levels of p53. We also counted the cell number after stimulation of cells with E2 for 48 h. The number of HHUA cells increased significantly under treatment of 10 -8 M and 10 -10 M E2 compared with ethanol vehicle control (data not shown). In fact, a number of immunohistochemical studies have also shown such contrary results (33) (34) (35) , despite the consideration that Bcl-2 is generally thought to be more highly expressed in EC than in normal endometrium, and in higher histologic grades than lower grades. It has been reported that Bcl-2 expression in EC is under estrogen control via the ER (33) . With respect to this, the abnormal expression of ERα and ERß in HHUA cells might be associated with Bcl-2 expression under E2 stimulation.
In conclusion, the present study shows the expression of VEGF, Epo, Bcl-2 and p53 in HHUA cells, and the downregulated expression of VEGF and Bcl-2 under E2 induction. Furthermore, we demonstrate for the first time that both ERα and ERß mRNAs are detectable in HHUA cells, and that the pattern of ERα and ERß expression is converse to that in normal endometria; this expression pattern should be taken into consideration to understand the particularity of E2-regulated gene expression in HHUA cells. (A and B) , or anti-human Bcl-2 (C and D) rabbit IgG, and stained with FITC-conjugated anti-rabbit IgG antibody. The fluorescence for either VEGF or Bcl-2 was more prominent in the ethanol vehicle-treated cells than that in the E2-treated cells. Magnification, x400.
